The article considers the relevance of the modernization of the methods and algorithms of nondestructive testing at industrial enterprises. It describes a practical problem solved by the developed technology -identification of products in stochastic motion on the example of Vyksa metallurgical plant . Popular modern technologies for the organization of nondestructive control in the control systems of movement of industrial production are explored. The article proposes an approach of multi-code labeling of transported products to reduce the number of redundant manipulations for turning the identifier into the reading sensor. The definition of multi-code labeling is given. Classical methods of the integrity control and their practical application, as well as the possibility of their use for the generation of multi-code labeling are considered. The article analyzes the checksum method for creating multi-code labeling and develops an algorithm for their generation. The proposed approach will allow to organize the automatic control of the movement of industrial products without the introduction of additional stages of the production process aimed at positioning products relative to the sensor, as well as to obtain additional statistical data for the modernization of the tracking process.
Introducion
According to the program "The development of the digital economy in Russia until 2035," one of the technologies that determines the transition to a digital economy is the identification technology [1] which the project aims to develop. The implementation of the project will allow switching to the deserted control of product movement by reducing the requirements for installing sensor equipment and additional control and self-monitoring algorithms.
Currently, due to the need for the development of industry and the implementation of the international quality standards, the introduction of new high-tech technologies to control the movement of products is required. The implementation of such control is possible through the introduction of automatic identification and recognition systems. The degree of perfection of the motion control system (ACS) of products depends on the efficiency of production in general. According to the standard GOST R 56542-2015 [2] , there are 9 methods of non-destructive testing two of which have found wide practical application in ACS: radio frequency identification and technical vision. Both approaches have their advantages and disadvantages, but the main requirement for ACS products built using any of the technologies is the direct visibility of the labeling by the reading sensor.
Due to this limitation, most of the developed automatic ACS work on the principle of a stationary mounted sensor where the movement of controlled products is carried out strictly along this sensor. Such ACS are widely used in industrial plants with conveyor lines. In cases with more complex logistical mechanics, the reliability of such systems is extremely low. In practice, more complex SKDs are used in which the sensors are located on the transporting devices as such. However, the identification accuracy of those often does not exceed 95%, and the construction of logistic routes occurs with the condition of turning the marking towards the reading device which increases the time for transportation and requires more whereby their work is challenged.
To reduce the time for the transportation and installation of additional equipment at the enterprises, the use of the multi-code labeling approach is proposed. The multi-code labeling approach consists of marking the product with single-type identifiers from several sides, so that at least one of them always comes into the field of view of sensors at any position of the product relative to the sensor. The use of multi-code labeling leads to redundancy, however, if we look at the problem from the other side and use a set of different, but interrelated identifiers for product labeling, we can organize additional motion control and prevent a number of emergency situations associated with the intentional change [3, 4] . The aim of the work is to study the possibilities of employing the approach of multi-code labeling of the dynamic objects for automating their identification in the process of stochastic movement.
In the process of project implementation, it is proposed to analyze the information integrity control algorithms (control number, CRC, hash functions and their specific implementations) and to build rainbow tables of these algorithms to extract new knowledge in the field of automation of production processes [5] [6] [7] [8] [9] [10] [11] [12] [13] . It is planned to conduct the research in the field of multi-code labeling of moving objects: consideration of their composition, as well as the methods of generation and identification. It is proposed to develop the methods for organizing the control and self-monitoring of transactions in automated processes for identifying and correcting the identification errors and predicting abnormal situations.
Subject overview
Currently, the integrity control methods have proven themselves in the field of network technologies (TCP / IP, TCPx / SPx, and others) to control the data transmission, and for ensuring information security of computer systems [14] [15] [16] .
The use of rainbow matrices in other areas of activity is less common, but it brings significant success. For example, in article [17] , researchers propose a new method of indexing static sequences of numbers using rainbow tables. The use of rainbow tables reduced the running time of the algorithms. In their publication, the authors Korzhik V.I. and Panteleeva Z.A [18] study the issue of recovering the passwords using the rainbow tables method.
Author Pilshchikov D.V. in work [19] discusses the balancing of memory and data time while working with rainbow tables. In this regard, it can be concluded that conducting additional fundamental research in the field of working with rainbow tables of integrity control methods is a topical scientific and technical problem.
The development of software and hardware SKD based on radio frequency identification and technical vision includes: PCT-Invent (Russia, Saint-Petersburg), ITProject (Russia, Moscow), Group of Companies "Lumenta" (Russia, Cherepovets) by Mullen Systems (Russia, Cherepovets), ACS (Russia, St. Petersburg), Beward (Russia, Moscow), Basler (Germany, Ahrensburg), Impinj (USA, Seattle), Motorola (USA, Morrisville), Nordic ID (Finland, Salo), FEIG (Germany, Weilburg) and many others.
A common shortcoming of existing identification methods is that for organizing an automatic control of movement, the reading devices are installed stationary, and the movement of the monitored product occurs as it passes along this device. It is imperative that the marking is in direct line of sight for the reader which is practically impossible when using such transport devices as bridge cranes, loaders, stackers and other means of small-scale mechanization. The movement of the products in this type of transportation is stochastic in nature, and the location of the cargo may obscure the direct visibility of the reader to the labeling.
The use of data from high-tech technologies [20] [21] [22] [23] [24] [25] allows to automate the processes of monitoring of the movement of industrial products in the enterprises of various spheres and, ultimately, to improve the efficiency and accuracy of the monitoring of transportation and inventory control of manufactured products. However, they are not without flaws. The use of existing software and hardware solutions is more aimed at the organization of the automated warehouse accounting and is less suitable for the automation of motion control. In confirmation of this, the developers of RFID systems in a number of industrial enterprises in the Vladimir region and neighboring regions have attempted to organize the product traceability by automatically controlling movement based on radio frequency identification.
As a result, it turned out that automatic the control of the movement of industrial products is possible only in certain areas of the production process. Such sections are conveyor lines and transport tunnels where product is transported along the stationary-installed radio frequency identification equipment (RFID tunnels). In the remaining production and storage areas, the implementation of the automatic control of the movement of products is impossible. This is due to the lack of methods and algorithms for product identification in the process of its transportation along untyped routes (for example, stackers, loaders, cranes, etc.) and the difficulty of orientation of the goods being moved with the marked side to the sensor.
A large number of uncertainties of logistic routes of technological processes, the strict requirements of standardization bodies, possible errors in equipment installation, as well as the errors of the first and second kind of identification algorithms as such do not allow moving from the automated motion control to the automatic one. Therefore, the research is needed to find additional data sources, methods for their analysis, allowing to increase the share of successful identification of tagged objects.
Analysis of the applicability of rainbow tables of integrity control methods for generating multi-code labelings
The paper proposes to organize the relationship of identifiers that are part of multi-code labeling based on rainbow tables of integrity control methods. To do this, it is necessary to review the existing methods of integrity control and conduct a preliminary assessment of the possible number of sets of identifiers and their number in the set depending on the original alphabet and the length of the identifiers. Table 1 shows the values of possible number of sets and identifiers in them when using the alphabet of 10 characters: 0..9. Based on the analysis performed, it can be concluded that the control number, the bundle method and the cyclic redundancy code have potential for the consideration by the integrity control methods. The hash function methods are too complex to build rainbow tables, and the parity bit method has also few possible sets.
Algorithm of generation of unique numerical sequences for systems for controlling the movement of industrial products
The operation of the generation of unique numeric multi-code labelings for the systems of motion control of industrial products can be described as a sequence of the following steps:
1. Generation of a unique item number and its verification for existence in the database.
2. If the number does not exist, a set of identifiers is created; otherwise, item 1 is executed. 3. The resulting numeric values are connected in a single number using a separator. 4. The generated number is loaded into the database. Thus, using the control number method, an alphabet of 10 characters (0-9) and a maximum length of 15 characters, we can get up to 999999999999990 sets of labels with 10 unique values. An example of the formation of multi-code labeling is presented in figure 1: Figure 1 . Example of the formation of multi-code labeling
The developed algorithms and a web application are introduced at the warehouse of packaging materials of the Global33 Group of Companies of the Vladimir Region to organize an automatic traceability of the shipment of air bubble film rolls along a conveyor line.
Figure 2. Example of multi-code labeling Conclusion
The article was devoted to the development of technology, mathematical approach and software for the construction of positioning systems and motion control of small-scale mechanization of industrial enterprises on the basis of radio-frequency identification methods which will be the basis for the creation of high-performance intelligent control systems for the movement of the products in industrial enterprises. The basic standards operating in the field of automation of control of production movement and radio-frequency identification were considered. The review of modern publications and systems of automation of control of movement of production of domestic and foreign producers was carried out. The description of the developed algorithm of positioning of means of small mechanization at an industrial enterprise was given. Experimental research in laboratory and production conditions are carried out and described.
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